Objectives: Some trauma patients have an undiagnosed cervical spine injury but require immediate airway control. This paper reports an emergency department's (ED) experience with these patients. In particular, is there a worse neurological outcome? Methods: A retrospective study over 6.5 years, based on prospectively collected data from the Royal Perth Hospital trauma registry. Patients with a cervical spine injury were identified and clinical data were abstracted. The primary outcome measure was evidence of exacerbation of cervical spine injury as a result of intubation by ED medical staff. Results: 308 patients (1.9%) of the 15 747 trauma patients were intubated by ED medical staff. Thirty seven (12%) were subsequently verified to have a cervical spine injury, of which 36 were managed with orotracheal intubation. Twenty five (69%) survived to have a meaningful post-intubation neurological examination. Fourteen (56%) of these 25 patients had an unstable cervical spine injury. Ninety per cent of all ED intubations were by ED medical staff. No worsening of neurological outcomes occurred. Conclusions: Every ninth trauma patient that this ED intubates has a cervical spine injury. Intubation by ED medical staff did not worsen neurological outcome. In the controlled setting of an ED staffed by senior practitioners, patients with undiagnosed cervical spine injury can be safely intubated.
S
ome trauma patients have an undiagnosed cervical spine injury, but require immediate airway control on arrival at the emergency department (ED). Intubation could potentially exacerbate the cervical spine injury, thus resulting in a worse neurological outcome.
The reported incidence of cervical spine injury in the setting of major trauma is 1.5%-4%. [1] [2] [3] [4] This rises to 7.8% in patients with a Glasgow coma scale (GCS) of less than 8. 5 It has been postulated that 3%-25% of patients with cervical spine injury may suffer injury extension as a consequence of delays in diagnosis, or inappropriate handling of their injury. [6] [7] [8] Despite these concerns, recent studies have concluded that with meticulous technique by experienced practitioners, no worsening of neurological insult, or development of new deficit has occurred as a consequence of airway management. [9] [10] [11] [12] [13] No study has investigated the issue of ED intubation by ED medical staff of undiagnosed cervical spine injury.
The aim of this study is to report our experience of trauma patients requiring intubation in the ED, who have at that time, an undiagnosed cervical spine injury.
METHODS

This study was conducted at Royal Perth Hospital (RPH).
RPH is an adult tertiary referral hospital and is the largest hospital in Western Australia. The hospital includes the state's spinal injuries unit. The ED has an annual census of some 54 000 patients, with an admission rate of 44%. The ED receives the majority of metropolitan and rural major trauma.
14 Approval for the study was granted by the hospital's trauma committee.
The ED is staffed by specialist emergency physicians, training registrars in emergency medicine, and junior medical staff. A team approach is used in the management of trauma, 15 and the team leader is always a senior ED doctor. Typically, the airway is initially managed by the registrar in emergency medicine. All intubations were performed using a rapid sequence induction technique, using the orotracheal route.
All care is taken to minimise movement of the cervical spine, thus maintaining its normal anatomical alignment. There was however, no prospective recording of the immobilisation techniques used, and it is known that there is some variability between the approach used by individual emergency physicians. All trauma patients are managed on wooden spinal boards. Prehospital immobilisation collars are left in situ until we are ready to intubate. These prehospital devices are supported by the use of sandbags. Immobilisation is further increased by verbal reinforcement, if the patient is capable of understanding, and direct supervision. Just before induction, the cervical collar is loosened or removed. During laryngoscopy we endeavour to minimise extension of the cervical spine with a gentle atraumatic approach. We teach the application of in-line stabilisation as per ATLS guidelines, although staff may not always be available to perform this manoeuvre; hence it was not universally applied.
The hospital has a trauma registry that prospectively collects data for all trauma admissions .24 hours and all trauma deaths. A retrospective study was done for the period 1 July 1994 to 31 December 2000. The database was interrogated to identify patients who were intubated in the ED by ED medical staff, who were subsequently proved to have a cervical spine injury.
Excluded from this analysis were patients in whom it was not possible to perform a meaningful post-intubation neurological assessment. This includes patients who remained pharmacologically paralysed until brain stem death.
Once the subjects were identified, case notes were examined by trained abstracters using preformatted datasheets. The abstracters were blinded to the purpose of the study and interrater reliability was measured using Cohen's unweighted k score. The primary outcome measure was evidence of exacerbation of cervical spine injury as a result of endotracheal intubation by an ED doctor. The above data were collated and analysed.
RESULTS
There were 15 747 patients registered on the trauma database during the study period. Of these 15 747 patients, 432 (2.7%, 95%CI 2.5 to 3.0) had a cervical spine injury. Of these 432 patients 68 (15.7%, 95%CI 12.3 to 19.2) were intubated, either before arrival at the ED (n = 27), by ED medical staff (n = 37), or by anaesthetic staff (n = 4), within two hours of arrival (fig 1) . The reasons for the anaesthetist intubations were: two patients became unstable while being escorted to the CT scan, one patient was assessed as a difficult intubation because of an expanding neck haematoma, and one was at the request of ED staff for an unspecified reason.
A total of 308 (1.9%, 95%CI 1.7 to 2.2) patients were intubated by ED medical staff. Of these 308 patients, 37 (12%, 95%CI 8.4 to 15.6) had an associated cervical spine injury. Of these 37 patients, 11 (30%, 7 male) died without meaningful neurological examination post-intubation before death. All deaths occurred within 48 hours of arrival to the ED: six from uncontrolled bleeding, four from severe head injury, and one as a consequence of intractable ventricular fibrillation. One patient required a tracheostomy (because of maxillofacial trauma) as the first definitive airway procedure. This leaves a study population of 25 patients (with a preintubation neurological assessment) who were intubated by ED medical staff and had an undiagnosed cervical spine injury, in whom it was possible to perform a meaningful post-intubation neurological examination.
The mean age of these 25 patients was 37 years (range 18-85), and 23 were male. The median injury severity ccore was 29 (range 8-75). Fourteen of the 25 patients (56%) had unstable cervical spine injuries. Table 1 describes the mechanism of injury and distribution of stability. Table 2 shows neurological presentation and outcome. There was no evidence of neurological deterioration as a consequence of ED intubation in any patient. No data were available for the number of intubation attempts, or the ease of intubation. Peri-intubation vital signs data were only available for 14 of the 25 patients. There were recorded transient changes in blood pressure in four patients: one episode of hypotension, (SBP 87 mm Hg); and three patients with transient hypertension. These vital signs had returned to baseline within one to two minutes.
Twenty per cent of case notes were reviewed independently. Interrater reliability was calculated giving a k statistic of 0.91.
DISCUSSION
We had no cases of a worsened neurological outcome after airway management by ED medical staff. In fact, ED medical staff intubated 90% of the trauma patients with a cervical spine injury who arrived at the ED requiring immediate airway control. This is significant when you consider that more than half the patients had an unstable cervical spine injury. Scannell et al reported a 71.6% rate of unstable injuries. 11 However, stability was defined differently and emergency intubation was defined as within 24 hours, compared with our two hour definition. Patients who died were not included in our study, and this may have contributed to our lower rate of instability.
The most severe injury to the cervical spine probably occurs at the time of the injury. Therefore, the issue of stability may be less important than previously considered in relation to intubation of these patients. It is possible that only an uncontrolled approach to these patients will result in a worse neurological outcome.
There are only three published cases of a worsened neurological outcome after airway management. None involve the ED. Hastings and Kelly reported on a 65 year old man who required emergency intubation in the ICU by an anaesthetist, about 20 hours after the injury. 18 The intubation was difficult and a cricothyroidotomy was performed. A short time later, there was no motor function in the lower extremities and weakness in the upper extremities. Imaging revealed extensive fractures at the level of C6-7. He was discharged to a chronic care facility.
Muckart et al reported the other two. 19 A 45 year old man was involved in a motor vehicle accident. He suffered bilateral femoral fractures. After general anaesthesia for fixation of his injuries, he developed quadriplegia. Imaging revealed a fracture of C2, with subluxation of C2 on C3. A 22 year old man was admitted after multiple low velocity gunshot wounds to the neck, abdomen, and legs. After anaesthesia for a laparotomy, ventilation was by diaphragmatic movement alone and motor function was absent or reduced in all limbs. Imaging revealed a burst fracture of C6. A full recovery was made.
In these three cases, a cervical spine injury was neither detected or suspected, before intubation. This contrasts with the current approach to trauma of always suspecting a cervical spine injury until proved otherwise. No study to date has analysed neurological outcome after emergency intubation. However, some subgroup figures exist. Holby et al report on 9 of 133 patients who had no new neurological deficit after nasal intubation in the ED. 13 Criswell and Parr report on 36 of 393 patients who had no new deficit after oral intubation in the ED. 12 Both state that in controlled circumstances, patients with unstable cervical spine fractures can be safely intubated.
The clinical data published so far do not show any one particular technique for the intubation of patients with cervical spine injuries to be safer than any other. 12 Indeed, it has been suggested that when performed with care, and in the hands of an experienced practitioner, the procedure of tracheal intubation in the patient with a cervical spine injury is a ''low risk'' intervention. 12 In our trauma population, the prevalence of cervical spine injury was 2.7%. This is similar to a number of existing reports, which range from 1.3% to 4%. [20] [21] [22] [23] [24] The largest study of cervical spine injury reported a prevalence of 2.4%. 24 More noteworthy is that 12% of all ED doctor intubations in trauma had a cervical spine injury. This means that every ninth trauma patient we intubate has a cervical spine injury. This is a higher figure than previous reports. Hills and Deane report that 7.3% of patients with a GCS ,8 or who arrive intubated, have a cervical spine injury. 5 Rhee et al reported a prevalence of 8.9% in anaesthetist intubated trauma patients in the ED. 10 Inevitably, the neurological examination before life saving intubation is abbreviated. 12 It only takes a few seconds to assess GCS, pupil responses, and limb movements. Within the time constraints of the resuscitation phase, this comparatively crude assessment provides a reasonably accurate assessment. 12 We excluded patients in whom it was not possible to undertake a formal post-intubation assessment.
The limitations of this study are that it is retrospective and that the study population was small. Our approach to trauma may not be comparable to other centres, especially smaller institutions and systems in other countries. However, it would have external validity to institutions of similar size and workload in Australasia and other EDs that are adopting this model. It is also possible that the patients who died may have had an injury extension, however, it was not possible to assess for this because of the nature and extent of their injuries. The standard of care required for these patients (that is, immediate airway management) means that it is simply not possible to have a detailed pre-intubation neurological assessment. On these data, a sample size calculation on a 1% complication rate 8 with a of 0.025 and 80% power, would require 8800 ED doctor intubations to demonstrate safety.
In our 6.5 year experience, intubation in the ED of trauma patients with an undiagnosed cervical spine injury, by ED medical staff, did not result in a worsened neurological outcome. In the controlled setting of an ED staffed by senior practitioners, patients with undiagnosed cervical spine injury can be safely intubated.
